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Abstract: - The biomass of date Palm seeds (DPS) can be utilized for the sorption of Mn(II) ion from the water
in the batch sorption process. The kinetics of sorption have been carried out by controlling different parameters
such as initial concentration, dosage, temperature, and pH. The sorption equilibrium is achieved during the first
180 minutes. The maximum removal of Mn(II) ion is ca. 100 % upon the study conditions of Ci=1mg L, T =
35 °C, 80 rpm, pH = 2, and dosage = 2 g L. The reaction kinetic models of pseudo-first-order and pseudo-
second-order have been used to describe the sorption rate and mechanism of the Mn(Il) ion onto the DPS
surface. The kinetic parameters, the rate constant, and sorption capacities have been calculated. The possible
sorption mechanism of Mn(II) ion onto the DPS surface is proposed.
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1 Introduction

Nowadays, the excessive utilization of
manganese-containing products, mine waters, steel
manufacturing industries leads to environmental
pollution. Wherein, manganese is a very common
contaminant of wastewater and groundwater
occurring with iron. The concentration of
Manganese ion in water more than 0.1 mg/l can
cause the undesirable taste to beverages and stains
plumbing fixtures and laundry. The primary target
of manganese health impact is the nervous system,
and common symptoms of toxic exposure include
ataxia, dementia, anxiety, a 'mask-like' face, and
manganese, a syndrome similar to Parkinson's
disease. When manganese (II) compounds in
solution undergo oxidation, manganese is
precipitated, resulting in an encrustation problem [1-
2]. The divalent form Mn(Il) ion predominates in
most water at pH = 4-7, but more highly oxidized
forms may occur at higher pH. Both Mn(Il) and
Mn(VII) are soluble in water while Mn(IV) is not
[3].

Various efforts concern in the physicochemical
treatment techniques for the removal of heavy
metals from wastewaters [4-11]. These techniques
are precipitation [12-14], coagulation/ flocculation
[15-16], ion-exchange [17], oxidation-filtration [18],
electrochemical operations [19-20], biological
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operations [21], adsorption and membrane processes
[22].

The adsorption process is used to remove toxic
metal ions and non-degradable nature of metallic
species, such as Mn (II) at high concentration level,
and chemicals from the water that cannot be treated
by conventional treatment methods. The most
widely used adsorbent for the treatment of
manganese ion of wastewater are polymeric
materials [23-29], natural minerals [30] and
activated carbon [31]. However, activated carbon is
relatively expensive. Therefore, the searching for
low-cost adsorbents is a primary concern of the
research work .

The industrial wastewater in Jordan coming from
the manufacturing of products, especially batteries
is initially treated with a plant before disposal of the
sewage network, which complies with the sanitation
instructions issued by the Jordan Industrial Estate
Corporation. The industrial wastewater shall be
disposed to the sewage network, providing that the
quality of wastewater matches with the
characteristics included metal ion active substances
such as Mn(Il) ion with less than 0.20 mg L-1 [32].
Because of this problem and due to the availability,
advantages, and accessibility of the biomass of date
seeds (DPS) in Middle East countries, it is possible
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to use BDS for removing Mn(Il) ion from aqueous
solutions .

To the best of my knowledge, up to date, we do
not find any study related to utilize the biomass of
date palm seeds (DPS) surface as a natural filtering
material for removing Mn(Il) ion from an aqueous
solution. Herein, the kinetic and thermodynamic
sorption are carried out by using several models
such as pseudo-first-order and pseudo-second-order.
Sorption diffusion models, such as Weber-Morris
intra-particle diffusion model, have been also used
to describe the adsorption rate of the Mn(Il) ion
onto solid particles of the biomass of date palm
seeds. The equilibrium interface between the Mn(II)
ion solution and the DPS solid particles of the
sorbent can be determined in the condition of the
maximum sorbent capacity.

2 Problem Formulation
2.1 Preparation of Date Palm Seeds Biomass:
The biomass of the Date Palm Seeds (DPS)
were obtained locally from Jordan (Jordan Valley
region). We have used one type of date palm seeds
(Mabroum-type) in our experiments. These seeds
were washed with distilled water and dried at room
temperature. They were washed three times by n-
hexane and then dried at room temperature. After
drying, the DPS were heated in the oven (150 °C)
for three hours to produce dry biomass of Date Palm
Seeds. They were crushed and ground into
powdered form. The powder of the DPS was
screened into several size fractions in the range of
150 - 180 pum using standard Tyler screen series. In
the present study, physical and chemical treatment
was undertaken. However, the major chemical
compositions of biomass were lignin and cellulose
backbone [33].

2.2 Reagents

All chemicals were used as received. The
salt of manganese (II) ion is MnCL4H,O was
purchased from Fluka Chemika. The NaOH and
HCI were purchased from Merck. Stock solution
(1000 mg L") of Mn(Il) ion was prepared by
dissolving the exact amount of MnCl,4H>O (£ 0.01
g) in 1000 mL ultrapure deionized water (18 Q cm).
The standard model solutions of 1-100 mg L were
prepared by appropriate dilution. The initial pH of
the solution was adjusted by using 1.0 M HCl or 1.0
M NaOH solution.

2.3 Apparatus and instruments
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Atomic  Absorption  Spectrophotometer,
AAS, (Varian Spectra AA 55) was used to find the
concentration of the Mn(II) ion in aqueous solution.
The pH of all solutions was recorded by pH meter
(Oiron 520). The temperature was controlled using a
temperature controller (Gefellschaft Funn 1003,
+0.1 °C). Isothermal shaker was also used
(Gefellschaft Fur 978). The analytical balance is
used with + 0.1 mg (Sartorius, CP324-S/
management system certified according to ISO
9001).

2.4 Equilibrium studies

The sorption of Mn(Il) ion was calculated
from the mass balance, which was stated as the
amount of Mn(II) ion adsorbed onto the biomass of
date Palm Seeds. It equals the amount of Mn(II) ion
removed from the aqueous solution.
Mathematically, it can be expressed by equations 1-

2:
(Ci -C e)

* s M

_(€C-C)
Q. S o
Where, ¢ is the Mn(Il) ion amount adsorbed on the
DPS surface at equilibrium (mg g); gt is the Mn(II)
ion amount adsorbed on the DPS surface at a
specific time (mg g'); Ci is the initial concentration
of Mn(II) ion in the aqueous solution (mg L™); Ce is
the equilibrium concentration or final concentration
of Mn(Il) ion in the aqueous solution (mg L™); and
C: is the final concentration of Mn(Il) ion in the
aqueous solution (mg L") at a specific time, t,.
The dosage (slurry), S, the concentration of Mn(II)
ionis expressed by equation 3:
s=1=2 ®
Where v is the initial volume of Mn(II) ion solution
used (L) and m is the mass of Mn(II) adsorbent.
The adsorption percentages (%) are calculated by
equation 4:

% Removal of Mn(Il)ion =

-
Ci
The simplest and most common method of
estimating contaminant retardation is based on the
distribution coefficient, Kq. The Ky parameter is a
factor related to the partitioning of a contaminant
(Mn*" ion) between the solid Mn(II) adsorbent and
aqueous phases. The partition coefficient, Kg, is
defined as the ratio of Mn(II) ion quantity that
adsorbed per mass of Mn(Il) to the amount of
Mn(II) ion remaining in the solution at equilibrium.
The distribution ratio (Kg) is calculated by using

equation 5:
Amount of Mn(II) ion in Mn(II)
Kd =

Amount of Mn(Il)ion in solution

£ x100% 4)

x5 5)
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Furthermore, the adsorption percentages and Kq (L

g™ are correlated by equation 6 [34]:

% of Adsorption = 1KO0—0K1d (6)

dtg

3 Problem Solution

3.1 Sorption Kinetic and Diffusion Models

For the kinetic studies, several samples
containing 0.1 g DPS and 50 ml of Mn(Il) ion
solutions (Ci = 100 mg L") were placed in the 100
ml flasks. The initial pH was adjusted using 1 M
NaOH or 1M HCI solution. These flasks were
agitated wusing a temperature-controlled shaker
(study at various T = 25, 35, 45 and 55 °C) at 80
rpm for the sorption period of 1 - 180 minutes and
pHi = 5.4. Afterward, the flasks were removed from
the shaker for every 10 minutes in the first 60
minutes and then 30 minutes until the end of 180
minutes. The DPS solid was filtered using filter
paper (Whatman No. 41). The filtrate supernatant
solutions were analyzed. All the reported results
were the average of at least triplicate measurements.

Figure 1 shows the effect of temperatures
vs. sorption time. However, at the initial stage, the
removal rate of Mn(Il) ion is relatively not high
during the first 5 minutes. This is due to the poor
interaction with the surface based on the selected
sorption parameters. The final equilibrium of
sorption starts after 90 minutes yielded a maximum
removal of ca. 25 %. This finding of trend agrees
with the reported kinds of literature [31-42].

abs® 2 - é
: A 60 o o (o]
2200 o0 © . 8
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= 8@
f ©T=45C OT=55C AT=35C OT=25C

t, min

Fig. 1. Effect of temperatures vs. sorption time of Mn(II)
ion onto DPS, dosage =2 g L', 80 rpm, and C;=100 mg
L, pH=54

It is necessary to integrate the rate law
(which is given as the time-derivative of one of the
concentrations) and the potential rate-controlling
steps (such as mass transport and chemical reaction
processes) to understand how the concentrations of
the Mn(II) ion in a sorption change with time. These
kinetic models include the pseudo-first-order, the
pseudo-second-order equation, and the Elovich
equation.
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The pseudo-first-order kinetic model and its
integral can be expressed by equation 7 [37-38]:
In(qe — q¢) = Inge — kqt (7)

Where @e and ¢t (mg g') are the amounts of
adsorbed Mn(II) ion at equilibrium and at the time
(t), respectively, ki (min™) is the pseudo-first-order
rate constant, and t (minutes) is contact time. The
pseudo-second-order kinetic model and its integral
form. This model is expressed by the equation 8
[39-40]:
i — 1 + i (8)

q  kqi  qe

where k; is the rate constant of the pseudo-second-
order kinetic model(g mg"' min™). The value of k»
can be determined by plotting t/q; versus t to obtain
a straight line of slope 1/0e and intercept of 1/(K20e?).
As shown, the values of k; and ge. The correlation
coefficient (R?) of the plot is considered good
approval for the results. The degree of goodness of a
linear plot can be judged from the value of R? of the
plot, which can also be regarded as a criterion in the
determination of the adequacy of the kinetic model.
Furthermore, it is necessary to match the calculated
Qe cal With the experimental (e exp Value.

3.2 Kinetic model controlling by Temperature
variations:

Figure 2 shows the kinetic model of
Pseudo-second order controlling by Temperature
variations. From the determination coefficient
values R? above, the adsorption of Mn(II) ion
transport onto the DPS surface is regarded as
pseudo-second-order (R?> = 0.999) rather than
pseudo-first-order (R*> = 0.88 to 0.97) as shown in
Figures 2(a-b). It is known that if a kinetic model
follows the pseudo-first-order or pseudo-second-
order reaction, then the reaction follows
physisorption and chemisorption, respectively. This
means that the Mn(II) ion can be chemisorption by
the coordination Mn(Il) ion with the active sites
onto the DPS surface. Furthermore, it is found that
the calculated e ca matches with the experimental g
exp value as shown in Figure 2c. This result was
found matching with the reported literature by
utilizing Acid-treated Activated Carbon [42].
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Fig 2a. Pseudo-second-order adsorption model of Mn(II)
ion onto DPS particles controlled by variant
Temperatures (dosage =2 g L', 80 rpm, and C; = 100 mg
L', pHi=5.4, T =25, 35, 45 and 55 °C).

y=-0,0223x + 1,8696
A R?=0,8859
T LA y =-0,0308x + 2,1575
. g x é R? = 0,9679

y =-0,0386x + 2,314

= o o, O R*=0,969 y =-0,0496x + 2,1467
=3 Sey _"-ﬂ .... R?=0,9506
& [e) By .._::-g_ (m]
s Al b
= O e, B TSl
5 AR O
O (©)
©T=45C OT=55C OT=35C AT=25C o
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Fig. 2c. Plot of Qexp VS. Qca related to the Pseudo-Second-
order adsorption model of Mn(II) ion onto DPS particles
controlled by variant Temperatures (dosage =2 g L™!, 80
rpm, and C; = 100 mg L', pH; = 5.4, T = 25, 35, 45 and
55°C).
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Table 1. The parameters of the Pseudo-second-order
adsorption model of Mn(Il) ion onto DPS particles
controlled by variant Temperatures

T, ko Ce, Exp Qe, calc x2 R?
°c (gmg* (mgg") | (mgg?)

min?)
25 | 0.007782 11.67 12.28501 | 0.050062 0.9935

35 | 0.019614 13.445 13.69863 | 0.018515 0.9818

45 | 0.006021 9.508197 | 10.28807 | 0.075803252 | 0.9989

55 | 0.009722 8.729508 | 8.741259 | 0.001344285 | 0.9866

dcal — Gex
x2= 2"
Qcal

3.3 Kinetic model controlling by pH variations:

Figure 3 shows the effect of pH vs. sorption
time. However, at the initial stage, the removal rate
of Mn(II) ion is relatively not high during the first 5
minutes. This is due to the poor interaction with the
surface based on the selected sorption parameters.
The final equilibrium of sorption starts after 90
minutes yielded a maximum removal of ca. 25 %,
15 % and 2 % for pH = 5.4, 7 and 2, respectively.
Furthermore, it is found that the calculated Qcal
matches with the experimental Qexp value as shown
in the Table 2. These observations on the results are
consistent with reported work [42-46].
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Fig. 3. Effect of temperatures vs. sorption time of Mn(II)
ion onto DPS, dosage =2 g L', 80 rpm, and C;=100 mg
L', T=35°C.

Figure 4 shows the kinetic model of pseudo-
second-order adsorption model of Mn(II) ion onto
DPS particles controlled by variant temperatures.
From the determination coefficient values that
appeared in Table 2, the adsorption of Mn(Il) ion
transport onto the DPS surface is regarded as
pseudo-second-order rather than pseudo-first-order
as shown in Figure 4. This means that the Mn(II)
ion can be chemisorbed by the sorption sites onto
the DPS surface as shown in Scheme 2. This result
was found matching with the reported for the Rice
(Oryza sativa) Husk, Esterified Saw Dust, Acid-
treated Activated Carbon, Solid Wastes of Sugar

Volume 5, 2020




International Journal of Chemistry and Chemical Engineering Systems

Mohammed A. Al-Anber et al.

Industry, Sugarcane Bagasse and Activated Carbon
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Fig 4. Pseudo-second-order adsorption model of Mn(II)
ion onto DPS particles controlled by variant pH influence
(dosage =2 g L', 80 rpm, and C; = 100 mg L', T = 35
°C).

Table 2. The parameters of the pseudo-second-order

kinetic model controlling by pH variations

pPH | ke (@ mg™ | ge &xp (MY | e, cac (MY x? R?
min™) g") g4

2 9.096911 0.833333__ | 0.834376 | 0.00125 | 1

54| 0.00287 8383893 | 9.737098 | 0.138974 | 0.8328

7 0.019614 13.445 13.69863 0.018515 | 0.9989

3.4 Kinetic model controlling by initial

concentration variations:

Figure 5 shows the effect of the initial
concentration of Mn(II) ion vs. sorption time.
However, at the initial stage, the removal rate of
Mn(Il) ion is relatively high during the first 5
minutes. It indicates the presence of interaction
affinity of Mn(II) ion with the surface based on the
selected sorption parameters. Furthermore, it is
found that the calculated (ca matches with the
experimental (exp value as shown in Table 3. This is
due to the availability of active sites, which
saturated after 40 minutes of achieving the
equilibrium.
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Fig. 5 Effect of temperatures vs. sorption time of Mn(II)
ion by using DPS, dosage =2 g L}, 80 rpm, and C; =1-
100 mg L', T =35 °C.
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Figure 6 shows the Pseudo-second-order
adsorption model of Mn(Il) ion onto DPS particles
controlled by variant initial concentration. From the
determination coefficient values that appeared in
Table 3, the adsorption of Mn(Il) ion transport onto
the DPS surface is regarded as pseudo-second-order
rather than pseudo-first-order as shown in Figure 6.
This means that the Mn(II) ion can be chemisorption
by the sorption sites onto the DPS surface as shown
in Scheme 2. This result was found matching with
the reported results by Rice (Oryza sativa) Husk,
Esterified Saw Dust, Acid-treated Activated Carbon,
Solid Wastes of Sugar Industry, Sugarcane Bagasse
and Activated Carbon [42-46].
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Fig 6a. Pseudo-second-order adsorption model of Mn(II)
ion onto DPS particles controlled by the variant initial
concentration (dosage = 2 g L', 80 rpm, and pH = 5.4-
5.8, T =35°0).
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Fig 6b. Pseudo-First-order adsorption model of Mn(Il)
ion onto DPS particles controlled by the variant initial
concentration (dosage = 2 g L', 80 rpm, and pH = 5.4-
5.8, T =35°0).
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Table 3. The parameters of the pseudo-second-order
adsorption model of Mn(Il) ion onto DPS particles
controlled by variant initial concentration

Ci k2 (g mg'l Je, Exp | Qe Calc x? R?

mg | min) (mgg™) | (mgg?)
L
1 0.669767 | 0.5000 | 0.51070 | 0.0209 | 0.9980

10 0.221076 1.5190 1.52607 0.0046 | 0.9983

30 0.173289 4.1870 4.19639 0.0023 | 0.9998

50 0.086538 4.4450 5.93824 0.2514 | 0.9998

70 0.024195 5.8010 5.93824 0.0230 | 0.9972

100 | 0.019614 13.445 13.6986 0.0185 | 0.9989

xz — Acal—qexp
qcal

Indeed, the sorption reaction is determined
to be chemisorption based on the kinetic processes,
which is described well by a pseudo-second-order
model. Furthermore, it is necessary to match the
calculated (ca with the experimental Qe value.
However, a good agreement between the
experimental data and the pseudo-second-order
model does not mean a proof that the sorption is
happened due to chemical reaction between the
Mn(Il) ion and the active sites in the DPS solids.
Therefore, the chemisorption mechanism may be
proved more by estimating the activation energies.
This activation energy is estimated based on the
experiments that carried out at different
temperatures.

The activation energy, Ea, is the minimum
energy molecules must possess in order to react to
form a product. The dependence of adsorption rate
constant of an adsorption on temperature can be
expressed by the Arrhenius equation 9 [41]:

E
1nk2=1nA—# (9)
Where E, is the activation energy of the adsorption

(kJ-mol™), R the gas constant (8.314 J-mol-K™"), T
the absolute temperature (°K) and e the base of the
natural logarithm scale. The quantity A represents
the collision frequency and is called the frequency
factor. It can be treated as a constant for a given
reacting system over a wide temperature range. The
Arrhenius plot is obtained by plotting the Ink, (k=
rate constant) versus the inverse temperature, 1/T as
shown in Figure 7. The slope of the Arrhenius plot
can be used to find the activation energy, Ea.

The resulting sloped line is equal to the negative
activation energy E, (= + 66.944 kJ. mol™) divided
by the gas constant, R. The positive activation
energy is here associated with overcoming the
energy barrier of chemical bond formation between
the manganese ion and the DPS surface.
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Fig. 7. The activation energy generated from the
experimental data of sorption Mn(II) that carried out at
different temperatures.

3.5 Sorption Diffusion Models

The pseudo-first-order and pseudo-second-
order kinetic models could not identify the diffusion
mechanism. Thus, the diffusion of the Mn(II) ion
into the DPS surface can be determined by Weber-
Moris intraparticle diffusion model [43]. This model
was used in the form of equation 14:

qe = kineVE+ C (14)

Where C is constant, g; the amount of Mn(Il) ion
adsorbed at the time (mg g') and Kin is the

1
intraparticle diffusion rate constant (mg g"' minz). A
plot of q vs. t gives straight-line confirms
intraparticle diffusion sorption as shown in Figure 8.
Due to the plot is not linear, and moreso do not pass
through the origin, then intraparticle diffusion could
not be the only mechanism involved. Therefore,
such a plot, presents multi-linearity, which indicates
that three steps have occurred. The first, the gradual
adsorption stage (from 0 up to 5 minutes of
adsorption period) is the external surface adsorption
or instantaneous adsorption stage. The second
portion is the sharper portion stage (from 5 up to 50
minutes of adsorption period), where the
intraparticle diffusion is rate-controlled (Kinx =

1
0.0341 mg g' minz and R? = 0.9284, see Fig. 8).
The third portion is the final equilibrium stage
where the intraparticle diffusion starts (t > 50 min)
to slow down due to extremely low solute
concentrations in the solution.
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Figure 8. Weber-Moris intra-particular diffusion kinetic
model at C; = 1 mg L', Dosage =2 g L', T =35 °C and
pH;=5.9.

4 Conclusion

The biomass of date palm Seeds (DPS) is
found to be a very effective adsorbent for the
removal of low concentration of the manganese (II)
ion from water. The maximum removal has been
found 100 % by applying the experimental
parameters of low concentration of Mn(Il) ion
solution (Ci = 1 mg L") at the dosage =2 g L', 80
rpm, and C; =100 mg L', T = 35 °C. The sorption
equilibrium can be reached within the first 60
minutes.
The sorption of Mn(II) ion onto DPS is determined
to be chemisorption based on the kinetic studies that
well described by a pseudo-second-order model, a
good agreement between the calculated Qe ca With
the experimental Qe exp value and the estimating
positive activation energy. This also can be
confirmed by the Weber-Moris intraparticle
diffusion model, wherein the intraparticle diffusion
is rate-controlled sorption reaction.
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